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was in Germany, where till lately it was hardly known in its appli- 
cations. This difference of locality is connected with other points, 
which are of more importance in an opposite direction. Barrett 
was in a country in which even obvious improvements upon highly 
valued arts meet with cold looks and niggard encouragement, when 
they are not introduced under very influential patronage ; he was 
neglected both by the Royal Society, the Assurance Offices, and 
the public. Tetens was in a country in which speculation is 
valued, even in subjects the applications of which are neglected ; 
he occupied honourable and well paid posts in education and in- 
revenue, and died a privy councillor. For all these reasons, I am 
well satisfied that the important improvement on which I have 
been writing should, as I am satisfied it will, continue to be called 
Barrett's method. 



On the Rates of Mortality prevailing amongst the Male and Female 
Lives assured in the Eagle Insurance Company during the 44 
years ending 31 December, 1851. By Charles Jellicoe, 
Actuary to that Company, 

[R«ad before tlie Institute of Actuaries, 2nd January, 1854, and ordered by 
the Council to be printed.] 

In discussing the subject of assurance valuations and the most 
approved methods of making them, I have often had occasion to 
draw attention to the great importance of ascertaining with the 
utmost possible accuracy the rates of mortality and interest which 
have been found to prevail in any case under consideration, so as 
to determine what rates of premium are really required to provide, 
independently of other exigencies, for the sums assured, and how 
far the particular rates charged are sufficient or more than sufficient 
for that purpose. I have insisted the more strenuously on the 
necessity of this proceeding, from the conviction that in almost 
every Association some peculiarity in the prevailing mortality will 
be found to exist, distinguishing it from that of its neighbour, and 
arising from the difierent character of such influences as the condi- 
tion of life of the persons whose lives are assured, the mode of 
selection, the greater or less predominance of the male sex and of 
assurances made by persons on their own lives over such as are 
effected on the lives of others, the constitution of the Company, 
and so on. Almost every Association, differing from the rest in 
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one or more of these characteristics, will be found, as I fully be- 
lieve, to present peculiar features in its experience; and hence, 
although we must necessarily be guided at first by such data as 
older Societies afford, it is, as I have said, of great importance to 
obtain that of the Association whose affairs we may desire to 
investigate, so soon as its duration and the number of its mem- 
bers is sufficiently great to afford it with anything like the requi- 
site degree of precision. 

Influenced by considerations of this kind, the directors of the 
Eagle Insurance Company have caused an investigation to be made 
into the rates of mortality prevailing in that Office throughout the 
term of its existence, and have considerately allowed the results 
now to be made public, believing them to possess some interest for 
those engaged in similar inquiries. Before making any comment 
upon these, it will be desirable to state briefly the several pro- 
cesses by which they were elaborated, and the precautions taken 
to secure as high a degree of accuracy as possible in each and 
all of them. 

As in most other Societies of similar age and character, the 
instances of several assurances being effected on the same life were 
found to be numerous; and the first care was therefore to eliminate 
all duplicate assurances, and to restrict the observation in every 
case to the first, or at least to one assurance only, on each life. 

Notwithstanding what has been said to the contrary, there can 
be no doubt that the omission of this process, and the enumeration 
oi policies in such investigations as if they were persons, is likely to 
lead to conclusions more or less erroneous. In the case under 
consideration, there can be no doubt that it would have done so. 

Having then reduced the registers of the Company to a list of 
the persons assured in which the name of each individual appeared 
but once, and which comprised only such as were considered at the 
time of their entering to be of unimpaired health and constitution, 
a careful record was made of the age at admission, the number of 
years continuance, and the age at death or discontinuance, of all 
the lives, each sex being taken out separately. In this way tables 
were constructed of the following description ; the continuance of 
each person throughout the year, his death or discontinuance in it, 
and his existence at the time the observation terminated, being 
denoted by unity and the letters d, I, and e respectively :* — 

* These tables occupy 152 half sheets of "Royal" paper, and comprise, exclusively 
of other items, upwards of sixty thousand entries in the columns headed with the 
ape. 
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Males. 



Number of 
Policy. 


94 


104 


Hi 


m 


134 


&c 


914 


924 


934 


944 


954 


964 


79,020 
79,200 
80,100 
81,111 
81,120 
81,200 
81,300 
81,321 


1 
1 


1 

I 


I 

1 

i 


1 
d 

1 

i 
i 


1 
i 

i 

1 
1 
1 


&c. 
&c. 
&c. 
&c. 
&c. 
&c. 
&c. 
&c. 


1 

X 
1 

d 

1 
1 


1 

1 
e 

1 
e 


d 

1 

1 


1 
e 


d 




Completed age 
Lapsed .... 
Existing .... 
Died 


2 


2 


3 


4 


6 


&c. 


5 


3 


2 


1 








- 








&c. 
























&c. 




2 




1 












1 




&c. 


1 




1 




1 





It will be seen that the system adopted in this and the follow- 
ing tables is that pursued by Mr. Galloway in his report of the 
mortality amongst the members of the Amicable Society — that is 
to say, as regards the time of admission, the Office age is in every 
case assumed to be greater by six months than the real age ; in 
other words, age 10 is called 9^ ; age 11, 10| ; and so on. This 
assumption is not rigidly accurate, since it appears on investigation 
that the Office age is, on the average, but little more than four 
months in excess of the real age. The eflfect of it is therefore to 
represent the lives as, one with another, two months younger than 
they really were. This discrepancy I have not, any more than Mr. 
Galloway, thought it worth while to endeavour to correct; inas- 
much as its minuteness renders it very unimportant, and as the 
effect of it will generally be, in making calculations based upon the 
table, to bring out results in a very trifling degree (if in any) on 
the safe side. In this, as in other respects, Mr. Galloway's 
arrangement appears to me to be the best which has hitherto been 
devised. As that gentleman observes, " The single assumption 
introduced is, that the admissions take place, one with another, 
precisely at the middle of the current year of age ; all the rest is 
matter of calculation." There may be defects, it is true, in this 
method ; but whatever there are are equally to be found in Mr. 
Morgan's and in Mr. Woolhouse's, whilst these last are wanting in 
the simplicity which, in this rather material point at least, charac- 
terizes Mr. Galloway's. 

Having, then, in these two tables a complete record of the 

VOL. IV. p 
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duration, &c. of all the lives under consideration, the next care was 
to collect the results with a view to arrive at the rates of mortality 
which they severally indicate. This process will be seen in Tables 
I., II., and III., which give the usual particulars so often described 
by writers on this subject. On these particulars it is therefore 
unnecessary for me to dwell, further than to mention that it has 
not been thought worth while to avoid fractions in these tables 
by " doubling"; and that, as regards the usual allowance of half a 
year's duration made in the case of abandoned and surrendered 
assurances, the regulations of the Company are such as to give 
quite sufficient justification of it. 

We have here, then, presented the experience as to duration of 
life of a population consisting of 7,419 individuals — viz., 5,493 
males and 1,926 females — selected with more or less care from 
amongst persons for the most part in the middle and upper ranks 
of life, and traced from year to year for a period, on the average, 
of about eight years and a half from the time of their admission ; 
the age of each being, in the great majority of cases, ascertained 
by certificate or authenticated by formal declaration. As regards 
the results exhibited when the sexes are distinguished, I have not 
thought it worth while to tabulate in each case more than the mor- 
tality per cent, and the probable mean duration of life — or after- 
lifetime, as Mr. Farr aptly calls it. These elements afford a good 
means of comparison, and will enable us sufficiently to judge of the 
relative vitality of the sexes as between each other, and as con- 
trasted with that which the best authenticated tables exhibit. For 
greater facility, the following statements give these particulars in 
decennial groups and at quinquennial epochs. 



Annual Mortality per cent., in decennial groups. 



MALE LIVES. 









FEMALE LIVES. 



MS. 



9» 

r 



is 

9 5 



z^ 



20—29 
30—39 
40—49 
50—59 
60—69 
70—79 



103 
1-19 
1-74 
2-63 
4-77 
11-10 

3-75 



•76 
1-05 
1-42 
1-86 
4-08 
8-80 

3-00 



•77 
•92 

r23 

2-14 
4-36 
9-42 

3-14 



1-56 
1-86 
2-38 
3-32 
4-91 
919 

3-88 



1-31 
1-53 
1-63 
2-35 
4-24 
8-12 

3-19 



•95 
M4 
1^34 
2^06 
4^05 
9^16 

3^1 1 



•88 
1^05 
1-17 
1-50 
2-88 
7^11 

2^43 



r68 
1^57 
1^58 
2-24 
3-98 
11 ^86 

3-81 
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Probable Mean Duration of Life. 



Aqes. 




MALE 


LltES. 






FEMALI 


LIVES. 




o C3 


S ■ 


h 


0.0 




i3. 




li 






1^ 

IS 


■ci 
& 


ll 




i 


§■3 

0-? 


t 


20 


37-9 


41-5 


41-5 


33-4 


37-6 


41- 


44-0 


35-9 


25 


35-4 


37-9 


380 


30-9 


35-4 


38- 


40-8 


34-4 


30 


31-6 


34-3 


34-4 


28-3 


32-3 


34- 


37-6 


31-7 


35 


28-2 


310 


30-9 


25-7 


29-1 


31- 


34-3 


29-1 


40 


250 


27-6 


27-3 


231 


26-8 


28- 


31-1 


26-4 


45 


21-7 


24-5 


23-7 


20-5 


23-8 


24- 


27-8 


23-2 


SO 


18-7 


21-1 


20-2 


180 


20-7 


21- 


24-4 


20-1 


55 


15-4 


17-6 


16-9 


15-6 


17-6 


18- 


20-8 


16-8 


60 


12-8 


14-3 


13-8 


13-2 


14-8 


14- 


17-3 


13-8 


65 


10-2 


11-8 


11-0 


10-9 


11-8 


12- 


14-0 


10-6 


70 


7-6 


9-2 


8-5 


8-6 


9-8 


9- 


11-0 


7-9 


75 


5-7 


7-0 


6-5 


6-5 


7- 


7- 


8-5 


5-4 


80 


3-9 


5-5 


4-8 


4-8 


5-8 


6- 


6-5 


4-8 



From these tables it appears that although the rate of mortality 
amongst the female lives is high comparatively at the earlier ages, it 
is much the reverse towards the decline of life, and that these aber- 
rations nearly balance each other ; so that the expectation in their 
case is throughout somewhat better than that shown to exist 
amongst the male portion of the assured. The close resemblance 
between the experience of the Eagle Company and that of the 
combined Offices, as regards female lives, is remarkable, and gives 
confirmation to the accuracy of both ; but the rates of mortality at 
given periods of life differ considerably, notwithstanding. On the 
whole, the contrast which the data exhibit between the two sexes is 
consonant with what might be expected from their relative posi- 
tions. The wear and tear of female life is unquestionably great 
from twenty to forty, whilst those who outlive this period have for 
the most part little to disturb the serenity of their declining years. 
The male sex, on the contrary, though probably possessing more 
vigour in its prime, is exposed to the labours and anxieties of life 
to a much later period, and their effect when it approaches is in 
consequence the more sensibly felt. One inference is, at all events, 
fully supported by these data — viz., that the insurance of female 
life at less rates than that of male is scarcely justifiable. A com- 
parison with the expectation of the Carlisle Table or the Expe- 
rience of Offices will suffice to establish this beyond controversy. 
The duration of female life may, it is true, be greater than that of 
male in certain given instances ; but until it comes near either of 

p 2 
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the standards above mentioned, there is no room for any reduction 
in favour of the fairer portion of the community. 

As might be expected, the blended experience of the Company 
exhibits features partaking of the character of the mortality pre- 
vailing amongst the assured of either sex when taken separately. 
The following table shows the rate of mortality per cent, and the 
expectation of life as before; the numbers for each sex being 
blended, and the results of other tables being added, for the pur- 
pose of comparison. 



MORTALITY PER CENT. 


EXPECTATION OF LIFE. 


Ages. 


Eagle Males 
& Females. 


Northamp- 
tou Table. 


Carlisle 
Table. 


Ages. 


Ea};le Males 
& Females. 


Northamp- 
ton Table. 


Carlisle 
Table. 


20—29 
30—39 
40—49 
50—59 
60—69 
70—79 


1-10 
1-26 
1-71 
2-52 
4-55 
9-64 


1-56 
1-86 
2-38 
3-32 
4-91 
9-19 


•76 
1-05 
1-42 
1-86 
4-08 
8-80 


20 
30 
40 
50 
60 
70 


38-1 
32-1 
25-7 
19-6 
13-7 
8-6 


33-4 
28-3 
23-1 
180 
13-2 
8-6 


41-5 
34-3 
27-6 
21-1 
14-3 
9-2 



A slight inspection of these numbers will serve to confirm, so 
far as the Eagle Insurance Company is concerned, the truth of the 
observation with which I set out — viz., that every Society would 
probably be found to have an "experience" more or less peculiar 
to itself. It will be seen that, although not differing very materi- 
ally towards the close of life from the Experience of the Offices 
and from the Northampton Table, the Eagle Experience is at the 
commencement unlike any other. At that period it appears to 
occupy a place between the Northampton Table and the Carlisle, 
and maintains the same position till the later years of life, when 
it coincides with and ultimately exceeds the rate indicated by the 
former. Throughout, the influence of the female mortality is per- 
ceptible : it serves to exaggerate that amongst the male portion at 
the earlier ages, and to diminish it at the later ones ; bringing it 
thus into nearer parallelism with the old Northampton Table, 
although still leaving a considerable margin between them. All 
these peculiarities, however, will be more readily perceived by means 
of the diagram which, bearing in mind the often quoted precept as 
to matters "occulis subjecta fidelibus," I have appended to this 
paper. In this will be seen the curves expressing the mortality 
per cent, prevailing amongst the male and female lives when taken 
separately, and the one denoting the graduated rate found to obtain 
amongst the whole body when blended together. As this last 
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represents the general " experience" of the Company, and as it is 
important to show that the ratios which it indicates have been cor- 
rectly deduced, I now proceed to that part of the subject ; having, 
I believe, given all the data necessary for such further deductions 
or comparisons as any one may desire to make. 

The Mortality Table — as such an one as that in column 4, 
page 214, is commonly called — has been formed in the usual way, 
by means of the ratios which represent from year to year the mor- 
tality per cent. Although approximating to the dimensions exhi- 
bited by the ordinary run of such tables, it will be found to 
present irregularities too great to allow of its being properly made 
the basis of the calculations for which it is needed ; and hence vi^e 
have to seek for the means of moulding it into a due degree of 
uniformity (such as, were the numbers greater, it would probably 
assume), without materially changing its character or depriving it 
of the peculiar features on which its identity depends. Various 
methods have been proposed and adopted for this purpose : 
amongst other writers, Mr. Finlaison, Mr. Edmonds, Mr. Davies, 
and Mr. Gompertz, have, with more or less success, taxed their 
learning and ingenuity on the subject. Mr. Farren, in his able 
work on The Chances of Premature Death, has not only deve- 
loped the principles on which the last-named eminent actuary 
proceeds, but has deduced similar results from independent consi- 
derations ; and has also shown, with Mr. Farr, the application of 
the theory of differences to the same end. Mr. Gompertz's method 
derives a merit from its philosophical character, which, till his time 
•at least, did not belong to any other; for neither the equation 
proposed by Lambert for the London mortality, and generalized by 
M. Duvillard,* or the celebrated one of De Moivre,t professed, so 
far as I am aware, to be other than empirical. It is true, that the 
theory of exhaustions, ingenious as it is, and practically useful, 
is not completely borne out by the facts in any given instance ; 
but after a good deal of labour and consideration, I cannot avoid 
the conclusion that the same result would attend any other theory 
propounded with the like object. In other words, it appears to 

(t j;\2 r _- --"1 
j — m.\ e * — e " \. See Lacroix's Traite. EUtneiitaire 

du Caleul des ProbahUites, p. 199. 

t Lj,^86 — X. The process given by Mr. (now Sir John William) Lubbock, in 
the paper read by him before the Cambridge Philosophical Society, and printed in their 
Transactions, is one— if I recollect rightly — for the direct determination of the values of 
annuities by means of equations expressing rates of interest and mortality. 
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me that no hypothesis will yield such an expression as will 
enunciate a law of human mortality altogether in accordance with 
that exhibited by actual data. 

SincCj then, these curves of mortality which obtain naturally do 
not appear to be traceable throughout upon any hypothetical prin- 
ciple, we must be content to derive them from the rude elements 
themselves, by such means as will most truly interpret their nature 
and character — that is to say, we can only, as it seems, measure 
the force of the mortality by the rate of it ; and for this last we 
must always be dependent on the quality of the data before us. 
Now the rate of the mortality is measured by the ratio of the 
numbers dying to the numbers living during a given interval ; and 
if we examine any table (such as that in column 3, at page 214) 
exhibiting these ratios, it becomes obvious that a certain progres- 
sion exists amongst them, increasing generally as the age increases, 
notwithstanding the irregularity of those in immediate juxtaposi- 
tion. We may then fairly presume that this progression has some 
relation with the age ; and what we have to discover is the exact 
nature of this relation. 

For this purpose, let us suppose that the rate in question does 
increase with the age in a certain progression ; it will then follow 
that a corresponding relation will obtain between successive quanti- 
ties expressing that rate, taken at equal intervals, let the dimensions 
of these last be what they may. If, then, we have the relation which 
exists between equal successive aggregations of such quantities, we 
can arrive at that subsisting between the quantities themselves. 
Now this, the formula which Mr. Gompertz has deduced from his 
hypothesis enables us, I find, very readily to do ; for, by a slight 
modification of it, we can obtain an expression for the rate of 
mortality at any given interval, in terms of the several aggregate 
rates comprised in the original table.* This expression it will be 
convenient to denote by A.N, where 

, -K-r , in , , X» 

\N = \. ;; \-(x—d) — ; 

1 — p n 

so that, calling R^ the rate immediately supervening at age x, wc 
shall have R^= A.N ; or, what is the same thing, 

\-, -^{x-a)^. 

R,=A.10 ^—P « 

In which equation m represents the aggregate rate of mortality in 

* The mode of obtaining this expression I defer till a future occasion, when I propose 
to examine all the methods that have been devised for the purpose in qnestion. 
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the first interval n, and p the rate of the progression or relation 
between the several aggregations in the succeeding intervals. 

Having then any unadjusted table, in which the annual rate of 
mortality per cent., or per unit of life, is given, we have to collect « 
terms of it successively — in such wise, however, as that, calling the 
first of them m, the succeeding ones may be as nearly as possible 
equal to mp, mp^, mp^, mp'^, &c. ; and then, having found the 

logarithm of .j , and commencing at the origin a, we have 

Aw 
merely to add successively the constant -^ , and the differences 

of the numbers answering to the logarithmic series thus obtained 
will be the ratios expressing the rate of mortality at every age as 
required. 

But although there would appear to be a tendency in some 
data to yield the quantities m, mp, mp''', mp^, &c., in a constant 
proportion, it will scarcely ever be found, as I have said, that they 
exactly obey that order throughout ; and hence arises a necessity 
for certain changes in the values of some of the quantities in the 
equation above given. Now it is one of the advantages of the 
method we are discussing, that any incongruity in the curves or 
series arising under these changes can be detected with the least 
possible trouble; and thus a long step is gained in the way of 
finding a remedy for it, since with some little management a 
remedy can generally be supplied. It will be observed, for in- 
stance, that whatever the values of m and p, the rate of mortg,lity 
at any given age can be ascertained at once ; and hence the last 
term of a series and the first of a following one can be compared 
with very little labour. If these be inconsistent, another mode 
of grouping the quantities in the unadjusted table must be resorted 
to ; and it will generally be found, I believe, that a very exact 
correspondence can be obtained between such series as may be 
required, with the exercise of a little patience and a moderate 
degree of dexterity.* 

In this way I have readily found that certain specific groupings 
of the rude ratios in column 3, page 214, would yield incongruous 
series ; whilst, on the other hand, it appears that groups of ten of 
them together, commencing at age 20, will afford the means of 

* The labour required in this adjusting process is not great; but were it otherwise it 
is well bestowed, for it is in effect a searching out of the law pervading the data; and 
when this adjustment is once satisfiictorily effected, we may be satisfied that the object is 
attained, and that we have interpreted nature with as much accuracy and fidelity as it is 
passible, I believe, under all the circumstances to do. 
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determining the ratios throughout the table, and that, although 
three different equations are required, the points of junction of the 
three curves generated by them are barely perceptible. In the 
first, for instance, /j = l'149 and »w = 10'996; the logarithm of 

i consequently =1 '86804, and — ="00603. Hence, com- 
mencing with the first logarithm, and continually adding the 
second, we obtain the following series of logarithms and their cor- 
responding natural numbers, and the differences between these last 
form the table in column 7, page 214, from age 20 to 40. Thus, 

1-86804. . . .73-797 1.032. . . .20 

1-87407.... 74-829 1-046 21 
1-88010. . . .75-875' ; .' \ \ \ \ \ .' .i-oec' '.'.'.22 

1-88613 76-936 1-075 23 

1-89216 78-011 1-090' " "24 

1-89819.... 79-101 &c. " "&c. 

&c- &c. 

In the same way the series is continued from 40 to 60, p, how- 
ever, in this portion being equal to 1*477, and m to 17*078; whilst 
the remainder of the table is formed by changing the value of 
those quantities to 2*118 and 45*506 respectively, and proceeding 
as before. In the new series thus obtained, the sums of the terms 
from 20 to 29, 30 to 39, &c., are the same as those of the like 
terms of the original table ; and thus the aggregate mortality exhi- 
bited by each at those periods is identical, whilst the decennial 
rate of progression indicated by them is duly imparted in this way 
to the annual rate. It is perhaps hardly necessary to mention, 
that the value of p is found by dividing any one group by that 

which precedes it ; and that it should be thus equal to — , — , 

>n. Wo 

— , &c., if we denote the successive groups by mi, m^ m^, &c. If 

each fraction give a different value of p, then such different value 
will have to be employed throughout the groups indicated by the 
denominator and numerator of the fraction- If the same value 
result from each, then one equation will suffice for the whole 
series. 

By such means, then, has the adjusted table in column 8, 
page 214, been constructed ; and in order that the degree of its 
resemblance to the original one may be judged of, I have given 
the numbers expressing the mean duration of life, as well as those 
denoting the mortality per cent, per annum, yielded by both. The 
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values of m as above given, it will be seen, coincide with the rates 
of mortality per cent, quoted at page 204, the latter however being 
one tenth only (as they of course should be) of such values.* 

A further evidence as to the degree of identity between the two 
tables is to be found in the fact of the survivors being frequently 
the same, or very nearly the same, in number at the same age in 
each ; this it will be observed is the case at ages 30, 40, 50, 60, 
65, 70, 73, 80, &c. 

Having thus determined, at least as far as is practicable, the 
true rate of mortality prevailing amongst the persons assured with 
the Company, it only remains to find the rate of interest actually 
realized from year to year, and with these elements to construct 
the tables on which Societies of this description base their ordinary 
charges. If the profits which are derived from other sources be 
considered as interest — and they can scarcely be regarded in any 
other light — there is no doubt that a higher rate of interest than 
4 per cent, per annum, on the average, is very commonly obtained. 
I have however assumed, that the true rate in the present instance is 
4 per cent, per annum ; and the tables of annuities in column 11, 
and of annual premiums in column 12, pages 214 and 215, have 
been calculated at that rate accordingly. Supposing then these 
elements to be correctly assumed, the annual premiums so derived 
from them represent truly the payments required to provide for 
the sums assured merely ; and a comparison with those actually 
charged will serve to show the margin, or contribution made at 
every age to the general surplus fund. It is this margin or con- 
tribution which I have so often insisted that we should endeavour 
to keep the same for each contributor, after making allowance for 
the one peculiar charge of commission. 

In conclusion, I have only to state that the abstracts have been 
made and the l^bles constructed (every item being carefully 
checked) by two of our members, Mr. Arthur Hutcheson Bailey 
and Mr. John Lauer Oliver, to whose ability and accuracy in these 
and similar investigations I with much pleasure take this opportu- 
nity to bear testimony. 

* The values obtained by the equation are, in fact, those of ordinates to the adjusted 
curve given in the diagram, the sum total of them being equal, or very nearly equal, to the 
sum total of the irregular numbers in column 3, pages 214 and 215. 
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Table II. — Females (continued). 
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